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@ A method and apparatus for continuously separating solids and liquids In a solids- liquid mixture. 

© A separation zone (118) for separating solids and 
liquids from a solids-liquid mixture is provided in which the 
mixture is subjected to centrifugal force under low shear 
forces and low turbulence. In the separation zone (118), the 
flow rate is maintained to be less than the terminal settling 
velocity of the solids in the mixture. The mixture is intro- 
duced iiito the separation zone (1T8) from a zone (120) of 
higher turbulence and higher flow rate than those of the 
separation zone (118), a minor part of the mixture in the 
other zone (120) being removed to the separation zone 
(118). The major part of the mixture is removed from the 
other zone (120) and discharged through a port (132) and 
returned to the mixture source in such a manner as to aerate 
the returned mixture. The separated solids are returned to 
the mixture source with the major part of the mixture. The 
separated solids and liquid are removed from the apparatus 
continuously. The invention is particularly useful In obtain- 
ing a highly clarified centrate from sewage sludge. 
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A METHOD AND APPARATUS FOB CONTINUOUSLY 
SEPARATING SOLIDS AND LIQUIDS 
IN A SOLIDS-LIQUID MIXTURE . 



The invention relates to separation of solids and liquids 
in a solids-liquid mixture and more particularly to separation of 
solids and liquids in a sewage sludge mixture. The separation of 
solids and liquids may also involve aerating the mixture. 

5 With respect to sewage sludge systems, existing continuous 

flow centrifuges are designed to thicken waste biological sludges. 
These centrifuges operate in a mode which results in fragmentation 
of the delicate biological sludges through shearing action in the'r ?U & 
aqueous phase. The result is a very turbid centrate containing • | ; 

10 relatively %igh solids concentration. As far as the applicant is Vsv^-'tY" 
aware, there are no centrifuges designed to provide highly clari- 
fied centrates while maintaining uninterrupted flow of both solid 
and liquid phases; particularly there are no centrifuges, designed 
to provide highly clarified, high quality effluents by continuously 

15 separating sludges -frori^ the mixed liquor of an activated sludge 

system. , V*A 

* * \ 

The applicant is also not aware of centrifugal apparatus 

- * "* \ 

or processes which provid'^ 'f or continuous separation of solids and 
liquids in a solids-liquid^Xx^re &ad for aeration of the mixture 

20 in conjunction with separatij^ 

According. to one aspect of the invention, there is provided 
a method of separating solids and liquids in a solids-liquid mix- 
ture comprising the steps of introducing mixture to be separated 
into a first chamber, removing a minor part of the mixture into a 

25 second rotating chamber having a mass flow and turbulence which are 
substantially less than those in the first chamber, separating the 
mixture in the second chamber into solids and liquids and removing 
the separated solids and liquids from the second rotating chamber. 
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According to another aspect of the invention, there is 
provided apparatus for continuously separating solids and liquids 
in a solids-liquid mixture and contimiously removing the separated 
solids and liquids from the apparatus comprising:- 
5 an upstream chamber; 

means for introducing influent mixture into the upstream 

chamber; 

a downstream chamber spaced from the upstream chamber and 
disposed so as to be rotatable about an axis of rotation, and struc- 
10 tared so as to separate therein solids and liquid in a solids-liquid 
mixture present in the downstream chambeT upon rotation thereof about 

the axis; - ~ * 

means for separating a minor part from the mixture in the 
upstream chamber and introducing said minor part into the down- 

15 stream chamtferjf; *. 

means for removing separated liquid from the downstream 

chamber; and 

means for removing separated solids from the downstream 

chamber. 

20 Aerating the solids-liquid mixture may occur in conjunction 

with separation. The separation may be of biological solids from 
liquids in a sewage sludge mixture or other biological system. The 
invention may obtain a highly clarified effluent from the mixed 
liquor of an activated sludge system or other biological process 

25 system. Biological sludges or other solids may be retained in a 
system while aerating these solids as a solids-liquid mixture and 
while discharging a highly clarified or partially clarified effluent 
as desired. The biological or other reactive sludges may be re- 
tained in a reactor vessel while permitting addition of and/or 

30 removal of soluble and/or solid materials at will on a continuous 

uninterrupted flow basis. Furthermore, the biological and/or other 
reactive sludges may be retained in a reactor vessel while adding or 
removing liquid or solid materials from the vessel and aerating or 
mixing the reactor contents with a gaseous rcacLant. 

35 SLcat forces can be eliminated cr minimized within a 
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solids-liquid or a sludge-water separation or solids settling zone, 
while simultaneously providing a means for removing separated solids 
or sludges from the solids or sludge settling zone. Shear forces 
are reduced in the settling zone by means such as baffling, for 
example, which prevent circumferential slippage of the liquid within 
the settling zone. The baffling may extend transversely to the axis 
of rotation, preferably radially, or the baffling may extend axially, 
or both transversely and axially. Prevention of liquid shear or 
slippage in this zone permits a highly clarified centrate to be 
obtained. 

Preferably the major part of the mixture is removed from the 
rotating upstream chamber and returned to the source of the solids 
and liquid mixture in a manner which results in aeration of the 

mi^ure. ■ r:,^, Ar a . , 

The mass flow in the second chamber is preferably maintained 
substantially less than the mass flow in the first chamber and. the 
mass flow in the second chamber is preferably maintained below the 
terminal settling velocity of the solids in the mixture. Shear 
forces are maintained low in the second chamber while subjecting the 
mixture to the centrifugal force obtained by rotation. 

In the disclosed embodiments, each chamber is defined by 
respective axially spaced upstream and downstream surfaces which 
extend outwardly with respect to the axis of rotation, and spaced 
surfaces extending between respective upstream and downstream sur- 
faces and between the axis of rotation and each chamber periphery. 

A means for separating each chamber into an upstream region 
and a downstream region is disclosed to comprise a member in the 
chamber which extends outwardly, preferably radially from at or 
adjacent to the axis of rotation to adjacent the periphery of the 
chamber. 

The upstream and downstream chambers may comprise regions 
of a chamber connected in the apparatus for rotation about an axis 
of rotation. Preferably, the means separating the chamber into the 
upstream region and the downstream region comprises a baffle extend- 
ing radially from at or adjacent to the axis of rotation of the 
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chamber to adjacent the peripheral region. 

In the disclosed embodiments, the upstream and downstream 
chambers or regions are structured such that the flow turbulence 
in the upstream chamber or region is substantially higher than the 
flow turbulence in the downstream chamber or region. Using Reynolds 
numbers as an indication of flow turbulence, the downstream chamber 
or region has a Reynolds number which is substantially less than 
the Reynolds number in the upstream chamber or region. For example, 
the downstream chamber or region may have a Reynolds number less 
than 3000 while the upstream chamber or region may have a Reynolds 
number of 3000 to 200,000 or greater. 

In the disclosed embodiments, the means for communicating 
the upstream and downstream chambers or regions are disposed so as 

communicate the upstream and downstream chambers or regions at, a 
first; .location spaced outwardly from the axis or rotation, tbe^eans 
for, communicating being the peripheral region in the chamber bft^en 
the chamber periphery and an outwardly-extending member. 

Also, in the disclosed embodiments: the means for intro- 
ducing influent mixture into the upstream chamber or region is dis- 
posed so that mixture is introduced into the upstream chamber or 
region at a second location inwardly of the first location? the 
nean for introducing influent is communicated with the upstream 
region at or adjacent to the axis of rotation of the chamber; the 
first means for removing effluent from the upstream chamber or 
region is communicated with the Upstream region at or adjacent to the 
peripheral region and is disposed so that effluent is removed from 
the upstream chamber or region outwardly of the second location; 
and the second means for removing effluent from the downstream 
chamber or region is disposed so that effluent is removed from the 
downstream chamber or region inwardly of the means for communicating 
the upstream and downstream chambers. 

In accordance with a preferred embodiment, a plurality of 
circumferentially disposed chambers or regions are provided. 

The invention is diagrammatically illustrated by way of 
example in the accompanying drawings, in which:- 
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Figure 1 is an axial section view of a single chamber 
separator apparatus according to one embodiment of the invention; 

Figure 1A is an axial section view of a portion of the 
single chamber separator apparatus of Figure 1 illustrating an 
5 alternate connection for the pump which draws mixture into the 
apparatus; 

Figure 2 is a perspective view partially in section of a 
multi-chamber separator apparatus according to the invention; 

Figure 3 is a perspective view partially in section of the 
10 separator apparatus of Figure 2 depicting the fluid flow in the 
apparatus; and 

/ Figure 4 is a perspective view partially in section of the 
separator apparatus of Figure 2 depicting particle distribution and 
flow* 

15 Referring to the drawings^, a^ single chamber separator appa- 

ratus 10 (Figure l) and a multi-cHamB^ifed separator apparatus 100 
(Figure 2} are illustrated, t i 

The separator apparatus 10 in Figure 1 includes a single 
chamber 12 formed in a chamber housing 14. The chamber housing 14 

20 is solid, except for the chamber 12 therein and passages 16, 18 and 
20 communicating with the chamber 12. The chamber housing 14 with 
the chamber 12 disposed therein is connected in the apparatus 10 for 
rotation about an axis 22. The chamber 12 extends (in cross-section) 
radially in the chamber housing 14 from adjacent the axis of 

25 rotation 22 to adjacent the periphery 24 of the chamber housing* 

The chamber 12 is formed by an outwardly-extending (in cross-section) 
upstream surface 26, an outwardly-extending (in cross-section) down- 
stream surface 28 and a generally axial ly-^ext ending (in cross— section) 
peripheral surface 39. The chamber 12 is further defined by spaced 

30 surfaces 31 which extend axially between the upstream 26 and the 

downstream 28 surfaces and radially from adjacent the axis of rota- 
tion 22 to the peripheral surface 30- The passage 16 is an upflow 
effluent passage and is communicated, with the chamber 12 adjacent 
the axis of rotation 22 through the downstream surface 28. The 

35 passage 18 is an influent passage and is communicatee] with the chamber 
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12 adjacent the axis of rotation 22 through the upstream surface 26. 
The passage 20 is a downflow effluent passage and is communicated 
with the chamher 12 adjacent the peripheral surface 30. 

The chamber 12 is separated into an upstream region 32 
5 and a downstream region 34 by a radially-extending (in cross-section) 
baffle 36. The baffle 36 extends radially from adjacent the axis of 
rotation 22 to adjacent the peripheral surface 30 andcircumferen- 
tially between the surfaces 31 m Between the extremity 38 of the 
baffle 36 and the peripheral surface 30 of the chamber 12 and between 
10 the upstream 26 and the downstream 28 surfaces of the chamber is 

formed a peripheral region 40. In order not to leave a dead space, 
.;! peripheral corners 40A of both the upstieam and downstream chambers 

i; may be filleted, or, the upstream and downstream surfaces may include 
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< sections having, axial ly-eXt ending components which extend towards 

15 the centre . of f .^e^h^unber peripheral surface 30. This is generally ir £j } 
referenced by 'fll^etg. 41 in Figure 1. ?v 

In addition to the chamber housing 14, the apparatus 10 
includes an upstream section 42A, 42B and a downstream section 44, 
both sections extending axially (in cross-section) from the chamber 

20 housing 14. The sections 42A, 42B and 44 rotate with the chamber 
housing 14 about the axis 22, suitable means, for example bearing 
means, being provided, at position 46 and/or 47 for example, to 
support the apparatus and permit rotation thereof about the axis 
22. In one embodiment, a rotating seal is provided at a position 

25 49 and a pump 62 draws liquid through the upflow passage 16. In 

another embodiment (Figure 1A), a liquid seal is provided at a posi- 
tion 48 and a pump 63' draws the solids-liquid mixture into the 
passage 18. Conventional drive means, not shown, are provided to 
effect rotation of the apparatus 10. 

30 In the embodiment shown in Figure 1, the passage 16 extends 

axially downstream along the axis of rotation 22 from the downstream 
region 34 of the chamber to an effluent port at a position 49 and 
is formed as the bore 50 of a hollow rotating shaft 52. The influent 
passagp 18 extends axially upstream from the chamber 12 along the 

35 axis of rotation 22 through the sections 42A and 42B to a source or 
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reservoir of the solids-liquid mixture, and is formed as a central, 
axi ally-extending bore 5^ in the sections 42A, 42B, The downflow 
effluent passage 20 Has a portion 20A extending radially inwardly 
in the housing 14 and a portion 20B extending axially from the 
housing 14 in the upstream section 42A, and is formed as another 
axially extending bore radially offset from the axis 22 in the 
section 42A P The passage 20 texminates at ports 58 after passing 
through a liquid trap which prevents a syphon break in the passage 
20 o A sleeve 59 is rotatably mounted on the section 42A by means of 
a slip«=fit, for example, and can be manually rotated relative to 
the section 42A to act as a critrol valve for the rate of discharge 
from the ports 58* A passage 6l in the sleeve 59 is circumferential 
and provides passage of discharge from the two diametrically opposed 
ports 53 to maintain balance • 

In operation, the influent passage 18 ia communicated with 
a source or supply of a solids-liquid mixture 60, i.e» the central 
bore 54 of the upstream section 42 is disposed in the solids-liquid 
mixture 60. Additionally, the effluent ports 58 are disposed in the 
mixture at least initially for priming. The pump 62 is communicated 
with the downstream bore 50 of the shaft 52 with the rotating seal 
at the position 49 between the pump and the shaft. The chamber 
housing and the upstream and downstream sections of the apparatus 
are rotated and the mixture 60 is drawn into the central bore 54 of 
the downstream section 42A, 42B initially by means of the pump 62. 
Mixture is also drawn into the effluent ports 58. Pumping by the 
pump 62 eventually causes the mixture to progress in the passages 
18 and 20 and enter the upstream, peripheral and downstream regions 
of the chamber and thereafter enter the downstream passage 16. Air 
is thus displaced by the mixture in the passages 16, 18 and 20 and 
in the chamber* 12 to prime the apparatus. Rotation of the apparatus 
causes the mixture in the chamber to move centrifugally outwardly 
and provides a built-in pumping action which draws mixture into the 
upstream region 32 of the chamber via the passage 54. 

Alternatively the pump 63 is connected as shown in Figure 1A 
through a rotating seal to the bore 54 of the downstream section h2B 
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to draw mixture into the apparatus* 

Once the apparatus is primed, the ports 58 may he raised 
from the solids-liquid mixture and centrifugal force will cause the 
mixture in the upstream region 32 of the chamber 12 to move radially 

5 outwardly with a part thereof eventually being discharged from the 
ports 58 through the passage 20 • The pumps and pumping action are 
selected so that a major part of the mixture entering the passage 
54 is removed from the upstream region 32 through the passage 20 and 
a minor part is removed to the downstream region. More specifically, 

10 a major part 60A of the solids-liquid mixture in the upstream region 
32 is withdrawn therefrom thrcngh the downflow effluent passage 20, 
while a minor part 60B progresses upstream through the peripheral 
region 40 into the downstream region 34 of the chamber 12. The rate 
of flow of the minor part of the mixture 60B is determined by the 

15 pump 62 and the rate of flow of the major part of the mixture 60A 

is determined by the pumping action of the rotating apparatus or by 
the pump 63. Thus, the pump 62 and the pump 63 or the rotating 
action of the apparatus are primarily responsible for the relative 
division of the mixture in the region 32. 

20 The upstream region 32 is intended to be a turbulent zone 

in -which little or no separation takes place and the downstream 
region 34 is intended to be quiescent zone in which turbulence is 
substantially reduced as compared to that in the upstream region 32. 
The baffle 36 isolates the quiescent zone from the turbulent zone 

25 so that the minor part 60B of the mixture 60 drawn into the down- 
stream region 34 is not subjected to high shear forces. Thus, 
quiescent conditions arc established in the downstream region 34 
so that the solids are subjected to high centrifugal forces, but low 
shear forces, and move radially outwardly, the liquid moving radially 

30 inwardly. The separated solids flow axially upstream as downflow 

through the peripheral region 40 and are eut rained in the major part 
60A of the- mixture moving through the downflow effluent passage 20. 

The turbulence in the upstream region 32, the downflow 
effluent passage 20 and the peripheral region 40 is dependent upon 

35 the flow rates as discussed. For a given mass flow of mixture 60, 
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the turbulence increases in the region 32 as flow approaches the. 
peripheral surface 30. The increasing turbulence, as region 32 
flow approaches the peripheral region 40, ensures suspension and 
flow of solids in these regions. The radial cross-sectional area 
of the peripheral region 40 is determined by the distance that the 
baffle 36 extends radially from the axis of rotation. The cross- 
sectional area of the region 40 regulates the turbulence in the 
region 34 adjacent to the peripheral region 40. The regulated 
turbulence in the region 34 adjacent the peripheral region 40 coupled 
with the relatively low flow rate of the minor part 60B of the mixture 
in the regions 40 and 34 serve to rapidly decrease turbulence and 
relative velocity of flow in these regions. Solid particles, no 
longer being suspended by flow or turbulence, are centrifugaily 
'thrown toward the downstream peripheral walls 30 and 41 i aiid into 
fee -peripheral region 40 where turbulence is higher and <■ they ^%an be 
^-suspended with the major portion 60A of the mixture at thejvenr- 
t ranee 20C to the downflow effluent passage 20. 

The circumferential width of the chamber 12 is limited by 
the spacing between the surfaces 31 • spacing is selected to 

provide low or limited shear forces between the baffle 36 and the 
mixture and between the chamber surfaces and the mixture. Thus, 
cirmmf erential slippage is reduced or eliminated between the mix- 
ture and the surfaces in the quiescent downstream region. 

The major part 60A of the influent mixture 60 in the up- 
stream chamber 32 is removed therefrom as described and progresses 
as downflow through the bore 56 to be discharged through the effluent 
ports 58. The minor part 60B of the mixture 60 progresses into , the 
downstream region 34 where separation of the solids and liquid in 
the mixture takes place, the separated solids being again entrained 
in the major part 60A of the mixture and removed from the apparatus 
as downflow through the ports 58 and the separated liquid being 
removed as upflow through the downstream passage 16. 

By way of example, the fluid motion in the chamber 12 may 
be* described ^yy neans of Reynolds numbers associated with the 
different regions of the chamber. Noting that turbulent flov occurs 
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at Reynolds numbers above about 3>000, the Reynolds number in the 
upstream region turbulent 2ione is from about 3,000 to about 200,000, 
or greater. The Reynolds number is reduced in the peripheral region 
40 and in the downstream region quiescent zone is less than about 
3)000. In addition the flow velocities in the upstream region 32 
and in the radially inwardly projecting dovnflow effluent passage 
20 must be such that the terminal settling velocity of the solids 
particles suspended in the mixture 60 are exceeded. The flow 
velocities in the downstream region 34 and in the portions of the 
peripheral region 40 which are adjacent the downstream region 34, 
must be less than the terminal settling velocities of the cvlid 
particles in the mixture 60. The separated liquid upflow is removed 
as a highly clarified effluent by the pump 62 while the separated 
solids and the major part of the; mixture are returned to the reser- 
voir. It is to be noted, however, that the centrifugal action in 
the rotating chamber 12 assists in punning the major part 60A of 
the mixture in that once primed by ^the pump 62 with the ports 58 
submerged, the device may be elevated so that liquid discharging 
from the ports 58 is so released above the surface of mixture 60 
and causes by passage through air and by impact with the mixture 60, 
the aeration of the mixture 60, Alternatively to the submergence 
of the ports 58 during priming, the pump 63 can be used to prime 
the device 10 after which centrifugal pumping action of the device 
will maintain flow in the upstream region. It is possible by the 
use of the pump 63 and proper restriction of flow at the ports 58, 
to eliminate the need for the pump 62. 

In use for sepax*ating sewage sludge, mixture enters the 
quiescent sludge settling zone 34 flowing at a rate determined by 
the pump 62, 3y keeping this flow rate low relative to the cross- 
sectional area of the sludge settling zone 34, it is possible to 
establish quiescent conditions within this zone such that the sludge 
is exposed to high centrifugal forces but very low shear energy. 
As a result, the sludge settles rapidly toward the periphery or outer 
wall of the region 54. Turbulence in the turbulent flow zone yi 
carries over into the peripheral region 40 and the entrance to the 
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quiescent zotie 34 and causes the separated sludges to he entrained 
in the mixed liquor f loving through the turbulent flow zone. Thus, 
the sludge settling zone is kept reasonably quiescent while separated 
sludges are continuously removed from that zone. 

5 The apparatus 10 thus provides for separation of liquids 

from the mixture and removal thereof from the apparatus on a 
continuous basis and for separation of solids from the mixture and 
removal thereof from the apparatus on a continuous basis, i.e. 
the apparatus need not be stopped and the process discontinued to 

10 remove separated liquids and/or separated solids. 

As described above,, the effluenc ports 53 are initially 
submer/ged to prime the apparatus. Thereafter, the effluent ports 
may be removed from the mixture and be raised above the mixture level. 
This, is,, done so that a vertical distance is provided between the 

15 effluent ports 5& and the mixture, thus allowing the downflow; , 

** ' v*. '~- : t -* . -4 ; 

effluent discharged to fall through air in a trajectory established? 

by centrifugal force and gravity before reaching the mixture, The tv : - L r , 
downflow effluent also impacts the surfaces of the containing vessel 
or the mixture 60 causing entrainment of air in the mixture- Thus, 
20 the downflow effluent which includes a major part of the mixture in- 
troduced into the apparatus is aerated in conjunction with- separa- 
tion and through impact aerates the mixture as a whole on a continuous 
basi s . 

Referring now to Figure 2, a multi-chambered separator appa- 
25 ratus 100 is illustrated. The apparatus 100 includes a chamber 

housing 104 which rotates about the axis 22 and is partitioned into 
chambers 102. The chambers 102 in the housing 104 extend generally 
radially from or adjacent to the axis of rotation 22 as described 
fox* the single chamber of apparatus 10. Each chamber is eircuisf crcn- 
30 tially juxtaposed in the housing 104 and is formed by a respective 
upstream baffle 106, a respective downstream baffle 108 and one or 
more peripheral surfaces 110- Adjacent chambers are separated by- 
axial ly- extending circumf erentially-spaced baffles 111, i.e. the 
baffles 111 partition the housing 104 into the chambers 102. Al- 
35 though each of the chambers 102 is illustrated to be identically 
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structured, the chambers need not be identical and may, for example, 
have different dimensions. Influent is introduced into the chambers 
102 by an influent passage referenced generally by 112 and downflow 
effluent is removed from the chambers 102 by a downflow effluent 
5 passage referenced generally by 114. An upflow effluent passage 

referenced generally by 116 is also communicated with the chambers 
102. 

A baffle 118 radially extending from an adjacent to the 
axis of rotation 22 to adjacent the peripheral surfaces 110 separates 
10 the chamber 102 into an upstream region 120 and a downstream region 

122. A peripheral region 124 is formed adjacent to the extremity 126 
of the/ baffle 118 and the peripheral surfaces 110. The downflow 
effluent passage 114 is formed by the upstream baffle 106, a baffle 
128 and another baffle 130 in the chamber housing 104. The downflow 
S' * .15 effluent passage 114 is sinuous, extending first/ Radially inwardly, 
./^i t9 k then maMng a U-turn around the baffle 128 and their eftfter proceeding 



radially outwardly and teiminating in a downflow effluent part 132. 
The general configuration of the downflow effluent port 132 will 
affect the efficiency of aeration and may provide horizontal (as 

20 shown) or vertical or angular (from about 30° to about 90° with the 
horizontal) discharge. The baffle 106 of the chamber 102 extends 
from the influent passage 112 radially outwardly to adjacent the. 
chamber peripheral surfaces 110. The baffle 128 extends from the 
peripheral surface 110A to adjacent the influent passage 112. 

25 The influent passage 112 is separated from the effluent 

passage 114 by an axial ly-ext ending section from which the baffles 
106 and 130 extend, the passage 112 being communicated with the 
interior of the chamber 102 adjacent the baffle 106. 

The peripheral region 124 is formed by the extremity 126 

30 of the separating baffle 118 and the peripheral surfaces 110A and 

HOB. The surface 110A extends axially with respect to the axis 22 
while the surface 11013 extends inwardly toward the axis 22, the 
surfaces 110A and HOB preferably intersecting upstream of the axial 
location of the baffle 118. The surfaces 110A and HOB, however, 

35 may intersect at or downstream of the axial location of the baffle 
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118. Thus, the peripheral region 124 and the downflow effluent 
passage 114 are in communication along the surfaces 110A and HOB, 
the surface 110A forming part of the passage 114. 

Each upstream region 120 of the chambers 102 is isolated 
from adjacent chambers by means of the axially extending baffles 111 
which also extend radially outwardly from the vail 134 to the peri- 
pheral surfaces 110A and HOB, In addition, the downflow effluent 
passage 114 is divided into a multiplicity of isolated sub-passages 
114A, B by the baffles 111. 

Each of the downstream regions 122 of the chamber 102 is 
formed by ohe separating baffle 118, the peripheral surface HOB, 
the downstream baffle 108, and the upper or downstream portion 111B 
of the circumferentially-spaced axially-extending baffles 111, the 
baffles 111 extending axially from the downflow effluent passage 
114 to the downstreata Tfgabn 122 # The lower or upstream portions 

111A of the baffles lit are disposed to separate adjacent ones of 

a "-v:.v/ 

the sub-passages 11 4A, Band to isolate the adjacent upstream regions 
120. The downstream or upper baffle portion 111B extends from the 
surface HOB radially inwardly to adjacent the downstream shaft 
138 of the apparatus • The baffle 108 extends radially inwardly from 
the surface HOB to or adjacent -to or adjacent to the inner peri- 
pheral extremity of the upper baffle portions 111B. Preferably the 
radius of the inner extremity of the baffle 108 is greater than the 
radius of the inner extremity of upper baffle portions of the baffle 
portions 111B, and is configured as a V-notch wier. An annular 
region 140 is provided which is common to all of the downstream 
regions 122. 

The baffle 144, extends radially inwardly to and beyond the 
inner peripheral extremity of the upper baffle portions 111B and the 
inner extremity of the baffle 108* The baffle 144 together with the 
baffle 108, the surface HOB and the upper baffle portion 111B 
form the upflow effluent passage 116. The up flow effluent passage 
116 is sub-divided into a multiplicity of isolated passages 116A, B 
etc., by axially extending baffles 148. The baffles 108, 144 and 143 
extend radially outwardly to form upflow effluent ports 146. The 
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axial baffles 148 between the baffles 108 and 144 may be curved 
appropriately to improve energy efficiencies of the overall device 
through kinetic energy recovery from the upflow effluent discharge. 
An ann ular upflow effluent collector 150 is disposed in communica- 
tion with each of the effluent ports 146 to collect the effluent 
discharge therefrom, A single upflow effluent discharge port 152 
is provided for the collector 150. 

It is pointed out that the baffles 144, 108, 118, 106, 128 
and 130 are of overall disc-like or annular configuration when con- 
sidering the housing 104 as a whole* 

A central opening 155 in the to^> surface 157 of the collector 
and a /central opening 159 in the baffle 144 provide venting from the 
interior of the downstream chambers and permit access thereto for 
observation or to obtain samples. The surface 157 ajafly/Jthe baff Je 
144 prevent the liquid being collected from splashing put ..of ..the 
^apparatus 100. If the apparatus 100, however, is opex«ate4 in an 
enclosure such as a tank having a cover, the surface 157'#4d' € the 
baffle 144 may be omitted, if desired. Also, if desired, the sur- 
face 157 and the baffle 144 may extend to the shaft 138 with 
holes being disposed in the surface 157 and in the baffle 144 for 
venting. 

The influent passage 112 is formed co-axial ly with the axis 
of rotation 22 and its upstream end 155 is disposed in a reservoir 
of mixture to be separated. The housing 104 and all its contents , 
the downstream shaft 138 and the upstream influent passage 112 are 
rigidly connected for rotation as a unit. Conventional means, not 
shown, are provided for rotating the chamber housing and the upstream 
and downstream portions of the apparatus. The collector 150 remains 
stationary and means may be provided to seal the collector and the 
rotating chamber. 

In operation, the apparatus 100 is rotated about the axis 22 
and influent mixture is pumped into the passage 112. This may be 
accomplished by means of a separate pump or tlie passage 112 may be 
an inverted triincated cone a3 illustrated in Figure 2 which extends 
into the nixi.ure and is provided with axially-extendinp vanes 154 
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vhicli also extend into the mixture in the reservoir. The rotating 
vanes in combination with the conical configuration of the passage 
112 provide a pumping action and pump the mixture into the influent, 
passage 112, The mixture proceeds downstream in the passage 112 

5 and is introduced into the upstream region 120 of the chamber 102 

adjacent the axis of rotation 22 # As described above for the embodi- 
ment shown in Figure 1, the influent mixture in the upstream chamber 
120 is divided into two parts, a major part proceeding into the down- 
flow effluent passage 114 and a minor part proceeding into the peri-^ 

10 pheral region 124. iThe factors which determine the division are 
the pumping rate ofvthe external pump or truncated conical pump, 
the relative displacement of the inner extremities of the radially- 
extending baffles 10S and 128 from the axis of rotation, the cross- 
sectional area of the periphexal region 124 as defined by the outer 
jj 15 extremity of the radial /"■TSa^il'iviia and the surface HOB, the cross- 

sectional area of the downf lo\y passage 114 and the cross-sectional 
area of the upstream regioh 7 1^6* The mixture is pumped up into 
the region 120 of the chamber 102 as the apparatus is rotated and 
fills the upstream region 120 and the downstream region 122, thus 

20 creating a flooded zone between the baffles 128 and 108. Apertures 
160 are provided in the baffle 118 adjacent the shaft 138 to permit 
air between the baffle 118 and the flooded passage 112 to be removed, 
j Means may be provided to regulate the size of the apertures or close 

the apertures to control the removal of air. As pumping progresses 
j 25 so that more mixture is intx*oduced into the region 120 within tbe 

flooded zone, mixture spills over the inner extremity of the baffle 
128 from which it is discharged through the port 132. Mixture also 
spills over the inner extremity of the baffle 103 into the passage 
116 from which it is discharged through the port 146. Gf course, 

30 as the apparatus 100 is rotated faster, more mixture will flow up 
in the passage 112 to increase the separating capacity of the 
apparatus. However, the maximum separating capacity is limited 
by the rate of flow in the downstream region 122 and the quality of 
scp»ir;itieii desired* Separation of solids and liquids ot-b.^-rvn »i» occur?; 

35 generally as described fov Vlr^xrc 3, the separation being controlled 



BAD ORIGINAL Jj 



16 



0047677 



by flow rates and turbulence as described for Figure 1. 

Referring now to Figure 3> the apparatus of Figure 2 is 
illustrated in which the flow of the mixture is shown. An upflow 
is provided in the influent passage 112 with the mixture being 
5 removed therefrom into the upstream region 120 of the chamber* 

The major part of the mixture in the region 120 is removed there- 
from through the downflow effluent passage 114* The minor part of 
the mixture proceeds through the peripheral region 124 into the down- 
stream region 122 and is separated into solids and liquids. The 

10 solids form part of the downflow and progress down through the 

peripheral region 124 into the passage 114 to be discharged from 
the apparatus with the major part of the mixture. The separated 
liquids move radially inwardly into the annular region 140 and are 
centrifuged therefrom into the effluent discharge ports 146. More 

15 specif icailly the, minor part of the mixture entering the peripheral 
region proceeds into a quiescent zone in the region 122 and separa- 
tion of solids and liquids in the minor part of the mixture takes ±, 
place. The solids are centrifuged outwardly and form part of the 
effluent downflow, proceeding upstream in the peripheral region 124 

20 to join the effluent downflow of the major part of the mixture. The 
major part of the mixture and the separated solids are discharged 
from the downflow effluent port 132. The separated liquids in the 
upstream region 122 move inwardly into the annul ar region 140 and 
then proceed outwardly into the effluent ports to be discharged 

25 into the collector 150. A highly clarified effluent is obtained 
from the discharge port 152. 

The peripheral region 124 in the separator of Figure 2 ic 
formed, as mentioned, adjacent the extremity 126 of the baffle 118 
and the two surfaces, 110A and HOB. The surface 11 OA extends 

30 axially and forms part of the upstream region 120. This axially— 

extending surface creates a zone of high turbulence, by redirecting 
the major part of the mixture flow into the downflow effluent 
passage. The surface HOB extends at an angle inwardly from the 
axial ly-ext ending surface 110A and reduces turbulence as the surface 

35 progresses inwardly toward the radial plane and the extremity 126 
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of the baffle 118 and beyond. Thus, the turbulence decreases as 
the peripheral region 124 extends downstream. Within the downstream 
region 122, turbulence is substantially eliminated by divergence 
of the surface 110B and the baffle 118 and the quiescent zone thereby 
provided. The centrifugal force and the low shear forces act to 
provide separation of the solids and liquids in the quiescent zone 
122, and in the region of transition from the peripheral region 124 
to the region 122. While extending the surface 110 inwardly is 
preferred, the surface 110 may extend axial ly from the surface 110A. 
In such a case, it is preferred that the corner formed by the sur- 
face HOB (axially-extending) and the baffle 108 be filleted to 
avoid a dead space* 

Referring now to Figure 4, a portion of the apparatus 100 
of Figure 2 is illustrated in which the solids distribution, solids 
flow and flow turbulence in the apparatus arey depicted. The .major 
part of the solids proceed with the liquid aC a' mixture as described, 
for Figure 3, into the upstream region 120 ank into the downflow 
effluent discharge passage 114. A minor part of the mixture pro- 
ceeds into the peripheral region 124 where turbulence is reduced 
as the peripheral region progresses into the downstream region 122 % 
The solids are separated in the downstream region adjacent the 
peripheral region 124 and returned through the peripheral region 
to the upstream region and hence to the downflow in the discharge 
passage 114. 

As described for the apparatus 10, the baffles 111 are 
spaced to provide low shear forces and reduce slippage between the 
mixture and the rotating chamber surfaces. 

As described for Figure 1, separation and removal of liquids 
is on a continuous basis and separation and removal of solids is also 
on a continuous basis. 

In some applications, it is highly desirable to aerate the 
discharged solids and the major part of the solids-liquid mixture 
before returning the same to the mixture reservoir. Thus, the dovn- 
fi ov effluent port 152 is advantageously spaced from the mixture 
level in the reservoir as described for the embodiment of Figure d 
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and the discharged effluent must pass through a layer of air before 
being returned to the reservoir. Further, the impact of the re- 
turning discharged mixture on the surface of the bulk mixture en- 
trains air bubbles in the bulk mixture and induces mixing of the 

5 body of the mixture. 

While the apparatus described above is useful in separating 
solids and liquids in many types of solids-liquid mixtures, the 
invention is particularly suited to separating solids and liquids 
in a solids-liquid sewage mixture and obtaining a highly clarified 

10 effluent. Specifically, the invention is especially suited for use 
in activated sludge systems f--r biological waste water treatment. 
Advantageously | the invention prevents, fragmentation of the delicate 
biological sludges since shear forces in the separating zone are , 
held to a minimum. The invention can permit the bulk of the mixture 

15 introduced into : the separating apparatus to be aerated continuously , 
during separation of solid^ and liquids, both separation and aeration 
being accomplished with one source of power. For the embodiment 
described in Figure 1, this device may be utilized to provide highly 
clarified effluent for analytical purposes. 

20 Means other than baffles may be used to form the rotating 

chamber and the upstream and downstream regions. It is within the 
contemplation of the invention to utilize valving, for example, to 
communicate the upstream and downstream regions and to utilize 
valving to accomplish division of the mixture in the upstream region 

25 into a major part which is removed froai the chamber and a minor part 
which is supplied to the downstream region. 
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CLAIMS 



!• Apparatus for continuously separating solids and liquids 

in a solids-liquid mixture and continuously removing the separated 
solids and liquids from the apparatus comprising: — 
an upstream chamber; 

means far introducing influent mixture into the upstream 

chamber; 

■ i a dcrunstream chamber spaced from the upstream chamber and 

disposed so as to be rotatable about an axis of rotation, and 
j , _ structured so as to separate therein solids and liquid in a solids- 

• * ■■ +> m liquid mixture present in the downstream chamber upori notation there,— 

* ,a;vid \v °? sLhout the axis; 

t4 . means for separating a minor part from the mixture in the 

upstream chamber and introducing said minor part into the downstream 
chamber; 

means for removing separated liquid from the downstream 
chamber; and 

means for removing separated solids from the dovnstream 

chamber. 

i 

2, Apparatus according to claim 1, including means for removing 

t a major part of the mixture from the \ipstream chamber and discharging 

it as effluent* 

3* Apparatus according to claim 1 or claim 2, vherein the xip- 

stream chamber is disposed so as to be rotatable about the axis* 

hn Apparatus according to any one of claims 1 to 3> vherein 

said means for separating and introducing include means for communi- 
cating the upstream and downstream chamber* 1 ? 
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5» Apparatus according to claim 4, vherein solids are removed 

from the downstream chamber through said communicating means, 

6. Apparatus according to any one of claims 1 to 5, wherein 

said solids are mixed with the major part of said mixture in said 
means for removing a major part of said mixture. 

7» Apparatus according to any one of claims 1 to 6, vherein 

each said chamber is defined by respective axially spaced upstream 
and downstream surfaces which extend outwardly with respect to the 
axis of rotation and by spaced surfaces extending between respective 
upstream and downstream surfaces and between the axis of rotation 
and each chamber peripheiy. 

8. Apparatus according to any one of claims 1 to 7> wherein 

the upstream and downstream chambers are structured such that the ■ 
flow turbulence in the upstream chamber is* VSfestahtially higher than 
the flow turbulence in the downstream chamber. 

9« Apparatus according to any one of claims 1 to 8, vherein 

the downstream chamber has a Reynolds nunber of less than 1 3000 
while the Reynolds number in the upstream chamber is substantially 
greater. 

10. Apparatus according to any one of claims 1 to 9> wherein 
the downstream chamber is structured to provide high centrifugal 
forces and low shear forces to mixture therein during rotation of 
the downstream chamber. 

11. Apparatus according to any one of claims 1 to 10, vherein 
said means for introducing influent comprises means for removing 
mixture from a source of the mixture and a passage in communication 
with the upstream chamber which can be communicated with the source 
of the iiv? xf.nr**- 
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12. Apparatus according to claim 11, wherein said means for 
introducing influent comprises a hollow generally conically- 
configured shaft, the larger end of which is in communication with 
the upstream chamber and the smaller end of which can he communicated 
with a source of mixture, the shaft having a plurality of generally 
axially-extending vanes disposed therein which act to pump mixture 
from the source and introduce it into the upstream chamber. 

13. Apparatus according to any one of claims 1 to 13, wherein 
said means for removing separated liquid from the downstream chamber 
includes a passage in communication with the downstream chamber . 
and pumping apparatus coupled to the passage to pump fluid from the 
downstream chamber. : 

€£.• teST >-C ' •'«••-•• 

14. Apparatus^ according to any one of claims 1 to 13, including y ^ 
outlet mean^-i^-cammuni cation with said means for removing said major ^ ^ 
part of the mixture from the apparatus, the outlet means being spaced 
above a reservoir of the solids-liquid mixture from which mixture is 

drawn into the apparatus such that the separated solids and mixture 
can be aerated when discharged from the outlet means. 

15. Apparatus according to claim 7, wherein a peripheral region 
is disposed at peripheral edges of the downstream surface of the up- 
stream chamber and the upstream surface of the downstream chamber 
extending into the upstream and downstream chambers. 

16. Apparatus according to any one of claims 1 to 15, wherein 
the upstream and downstream chambers are disposed in a generally 
cylindrical housing connected in the apparatus for rotation about 
the axis; a first disc-like baffle member is disposed on the axis 
and extends radially therefrom to adjacent the periphery of the 
bousing, the first baffle member separates the housing into the up- 
stream and downstream chambers, there being a peripheral region 
intermediate the first baffln merahor and the periphery of the bons- 
ai) upstream conduit extends ceaxially with the ivxi p into the 
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housing and in communication vith the upstream region; a second 
annular baffle member is disposed on the axis and spaced upstream 
from the first baffle member, the second baffle member extending 
radially from the upstream conduit to adjacent the periphery of the 
housing and forming a turbulent region with the first baffle member; 
and a third annular baffle member is disposed on the axis in the 
downstream region spaced from a surface forming the downstream end 
of the housing, the housing being open between the downstream end 
and the third baffle member. 

17 # Apparatus according to claim 16 f including a plurality of 

additional baffle members extending axially from the second baffle 
member through the first baffle member to the third baffle member, 
the additional baffle members extending from the conduit in the up- 
stream chamber to the periphery of the. housing ^nd from the periphery 
of the housing in the downstream chamber inwardly a predetermined 
distance spaced from the axis, the third baffle member extending 
from the predetermined distance outwardly to the periphery of the 
housing; the housing thereby being defined by a plurality of up- 
stream regions spaced about the axis of rotation, a centrally located 
cavity in the downstream cbamher, and a plurality of downstream 
regions in communication with the central region and spaced about 
the axis of rotation. 

18. Apparatus according bo claim 17, wherein the periphery of 
the housing is defined by a cylindrical segment and a conical seg- 
ment, the segments intersecting adjacent the upstream regions, with 
the cylindrical Begment extending in the direction of the upstream 
regions and the conical segment extending in the direction of the 
downstream regions. 

19. Apparatus according to claim 18, including a fourth baffle 
member which is annular and is axially spaced in the upstream direc- 
tion from the second baffle member, the fourth baffle member extend- 
ing from the cylindrical segment inwardly to adjacent the conduit. 



BAb ORIGINAL ^ 



0047677 



20 ♦ Apparatus according to claim 19 » including inlet means in 

communication with the upstream conduit for admitting mixture into 
the apparatus and outlet means in communication with a passage 
formed between the second and fourth haffle members for discharging 
effluent, the outlet means being disposed at a greater vertical 
height than the inlet means, whereby effluent can be aerated when 
discharged from the outlet means. 

21. A method of separating solids and liquids in a solids-liquid 

mixture comprising the steps of introducing mixture to be separated 
into a first chamber, removing a minor part of the mixture into a 
second' rotating chamber having a mass flow and turbulence which are 
substantially less than those in the first chamber, separating the 
mixture in the second chamber into solids and liquids and removing 
the separated solids aiad liquids from the second rotating chamber, 

t ,". 3 *aj:." : j«t . 

" v ' i * • 

22* A method acco f rdii^g to claim 21, including the step of 

rotating the first chamber while removing therefrom a minor part of 
the mixture. 

23. A method according to claim 21 or claim 22 > wherein the mass 

flow in the second chamber is maintained below the terminal settling 
velocity of the solids in the mixture, 

2k. A method according to any one of claims 21 to 23, wherein 

shear forces are maintained low in the second chamber while sub- 
jecting the mixture therein to centrifugal force resulting from 
rotation. 

25. A method according to any one of claims 21 to 24, wherein 

the mixture to be separated is subjected to turbulence and centri- 
fugal force in the first chamber and the mixture in the second 
chamber is subjected to low turbulence and low shear forces while 
the solids and liquid are separated in the second chamber by centri- 
fugal force. 
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© A method and apparatus for continuously separating solids and Dquids in a solids-liquid mixture. 

© A separation zone (118) for separating solids and liquids 
from a solids-liquid mixture is provided in which the mixture 
is subjected to centrifugal force under low shear forces and 
low turbulence. In the separation zone (118), the flow rate is 
maintained to be less than the terminal settling velocity of 
the solids in the mixture. The mixture is introduced into the 
separation zone (118) from a zone (120) of higher turbulence 
and higher flow rate than those of the separation zone (118), 
a minor part of the mixture in the other zone (120) being 
removed to the separation zone (118). The major part of the 
mixture is removed from the other zone (120) and discharged 
through a port (132) and returned to the mixture source in 
such a manner as to aerate the returned mixture. The 
separated solids are returned to the mixture source with the 
major part of the mixture. The separated solids and liquid are 
removed from the apparatus continuously. The invention is 
particularly useful in obtaining a highly clarified centrate 
from sewage sludge. 
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KRASY NON-FERR META 

OS 07.8 l-SU-311 158 (23. 09. 85) B04b-05/ 12 
Equipment for sepn. of suspensions - has Iruncoted conical rotor 
inside body with attachments to receive sepd. prods., with turlher 
extn from fine fractions 

C86-042591 



The body (1) contains the rotor (2) and the container (4) for the 
suspension, with means to receive the sepd. products, and outflow 
pipes There is an attachment for the adhesive removal of the 
particles, with the receiver for the prods, of sepn. being located 
inside it along the way the material is moving. This attachment is 
made as drums (8) with external corrugated surfaces. There is also 
an attachment to ensure a constant level of the suspension, made as 

a circular trough (5). . ' _ 

USE/ADVANTAGE - To separate materials according to 
coarseness, density and adhesive properties of the grain surfaces. 
Can be used in ore-mining, chemical, etc. industries. The sepn. 
effectiveness is increased by additionally extracting the valuable 
Ingredients from the ultrafine fractions. Bul.35/23.9.85 (3pp Dwg.No 
L/l) ; 

Into the container (3) the original slurry with 20% of solid phase, is 
poured The solid phase consists of tailings from copper- 
molybdenum factories, with a coarseness of -0.42 to 0mm, contg. 



0.005695- Mo and 0.0722% Cu. As the conical rotor (2) turns at a speed 
of 920 r p m the solid phase is sepd. simultaneously into three prods, 
with sepn. limits of the particles of 0.126 and 0.028 mm. giving an 
effectiveness respectively of 91 and 797c The Mo and Cu content 
increases by 2.34 times in the coarser class, while in the muds (class- 
0 028mm) they are reduced by 2.06 times compared with sepn. 
involving hydro-classification. The sepn. effectiveness (partic. of 
finely-dispersed fractions) increases with increased cleanliness of 
the surface of the conical rotor (2), this leading to further increased 
effectiveness, e.g. of removal of the muds from the materials. 
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